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(54) Aluminium nitride sintered bodies and their manufacture 



(57) An aluminum nitr ide sintered body has charac- 
teristics such that an amount of total metal elements oth - 
erthan aluminum is smaller than 1 'DO ppm, and a volume 
resistivity at room temperature is greater than 1.0X10 9 
fl-cm and is smaller than 1,0X10 13 fl-cm. A metal in- 
cluding member has such a construction that a metal 
member is embedded in the aluminum nitride sintsred 



bedy mentioned above. An electrostatic chuck is made 
by the metal including member mentioned above. In the 
meta! including member mentioned above in which the 
motai mcmbor Is embedded in the aluminum nitrido sin- 
tered body mentioned above : a volume resistivity there- 
of can be controlled without adding a low resistance ma- 
terial in aluminum nitride. 
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Description 

BACKGROUND OF T HE INVENTION 

Held of the invention 

The present nvention rclatco loan aluminum nitride 
sintered bedy a/id a method of producing the sams, and 
to a metal including member used as a function gradient 
member in which a metal member is embedded in an 
aluminum nitride sintered body. Moreover, the ores ant 
invention especial iy relates to an electrostatic chuck 
preferably used n a semiconductor manutactuing ap- 
paratus. 

Related Art Statement 

Generally, an electrostatic chuck is used for chuck- 
ing a semiconductor wafer in film forming steps of trans- 
ferring, exposing, chemical vapor depositing, and spat- 
teringthe semiconductor wafer, or in steps of mic 'o-ma- 
chining : washing, etching, and dicing. As a substrate 
member of the electrostatic member, a dGnsifisdce-am- 
ics is noticed Particularly, in a field of semiconductor 
manufacturing apparatuses, a halogen corrosive gas 
such as OIF is frequently used as an ernhinrj gas or a 
cleaning gas. Moreover, in order to rapidly heat or cool 
the semiconductor waferwhile the semiconductor wafer 
is chucked, it is desirable that :he substrate member of 
the electrostatic chuck has a high thermal conductivity. 
Further, in order not to fracture the substrate member 
due to a rapid temperature variation, it is desirable that 
the substrate member has a thermal shock resistivity. A 
densified aluminum nitride has a high corrosion resistiv- 
ity with respect to the halogen corrosive gas mentioned 
above. Moreover, it is known that aliminum nitride has 
a high thermal conductivity and its volume resistivity is 
greater than 10 14 Li-cm. Further it is known that alumi- 
num nitride has a high thermal shock resistivity There- 
fore, it is preferred to form the substrata member of the 
electrostatic chuck for the semiconcuctor manufactur- 
ing apparatus by an aluminum nitride sintered body. 

On the other hand ; In the semiconductor manufac- 
turing apparalus ! in order lo use the electrostatic chuck 
as a suscepterfcr holding the semiconductor wafer, it is 
necessary to decrease a resistivity of the substrate 
member. For example : in Japanese Patent Publication 
No. 7-1 9831 , in order to improve a chucking property of 
the electrostatic chuck, a volume resistivity ol an insu- 
lation dielectric layer of the electrostatic chuck is de- 
creased to smaller tnan 1 0 13 C*cm by mixing a conduc- 
tive materia) or a sem ("conductive materia! into an insu- 
lation member having a high volume resistivity. Moreo- 
ver, in Japanese Patent Laid-Cpen Publication No 
2-22156, ceramis raw materials made of alumina as a 
main ingredient are sintered under a reduction atmos- 
phere to produce a dielectric ceramic forth g electrostat- 
ic chuck. In this case ; 1-6 wt% of alkali earth metal and 



0.5-6 wt% of transition metal, bcth shown as a weight 
of oxide, are included ; n the ceramic raw materials In 
this matnod, for example, a dielectric fate is improved 
by mixing TiOj into alumina ceramics and a volume re- 

» activity is decreased to 10 12 '10 1 3 ikm. to obtain a high 
chucking property. 

However, a volume resistivity of a highly purified 
alumina nitride sintered body is greater than 10 l4 £-cm. 
and thus it is too high to use as the substrate member 

to of the electrostatic chuck for the semiconductor manu- 
facturing apparatus. In this case : in order to obtain a suf - 
ticient chucking property, it is necessary to form an ex- 
tremely thin insulaticn dielectric layer having a thickness 
smaller than 300 um. However, if theinsjlation dielectric 

f5 layer is thin as mentioned above, there is a possibility 
of generating an insulation fracture anc so on from one 
of reaction layers in a surface of the insulation dielectric 
layer. From this point of view, we understand that it is 
preferred to make a thickness of the insulation dielectric 

20 layer greater than 500 r im. 

However, in the known electrostatic chuck made of 
aluminum nitride, if the insulation dielectric layer is made 
thick as mentionec above, a chucking property of the 
electrostatic chuck is decreased, and thus it is difficult 

25 to ob:ain a sutficient chucking property particularly ir a 
bw temperature rag ion in which a volt, me rasisrvity is 
high. Usually, a dp/ etching process is performed under 
a tow temperature of -50 9 C - -60°C. and a highly den- 
sified plasma CV0 process is performed at abcut 

30 1C0°C. In these low temperature process, it is difficult 
to obtain a predetermined chucking property stably 

In the electrostatic chuck in wfveh aluminum nitride 
is used for a material of the substrata member we think 
it is effective !c add a metai member having a low resis- 

3S tivity in tho substrate member as shown in Japanese 
Patent Publication No. 7-19S31. Hcwever, in the elec- 
trostatic chuck mentioned abcve : :ha metal member 
having a low resistivity and so on are detached from a 
surface of the substrate member, and thus there ts a 

•w possibility of being a cause of semiconductor pollution. 
Therefore, it is not preferred to use the electrostatic 
chuck mentionec above for a highly purified semicon- 
ductor process such as a process for S inch wafer. 

** SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
electrostatic chuck wh ch can be used in a wide temper- 
ature range Irom a low temperature of e.g. -30 fl C to a 
so high :ermperature of over 30G°C ; which has a stabilty 
with respect to a corrosive substance such as halogen 
ccrrosive gas or piasma, and which can reduce or min- 
imize removal of metal and sc cn irom asubstrate mem- 
ber thereof. 

Another object of the present inven:ion is to provide 
a metai including member which can beprefarabiy used 
as an electric apparatus in a process I.e. a semiconduc- 
tor manufacturing process using an electrostatic chuck 
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and sen on witch requires a use of highly purified sub- 
strate members. 

Still another object of the present invent ion is to pro- 
vide an aluminum nitride sintered cody in which an 
amount of metal impurities is small and a volume resis- 
tivity thereof is lew. 

According to the invention, an aluminum nitride 3in 
terad body comprises characteristics such :hat an 
amount of total metal elements other than aluminum is 
smaller than ICO ppm, and a volume resistivity at room 
temperature is greater than 1 .0x1 0 9 0*cm and is smaller 
than 1.0*10'- Ucm. 

Moreover, according to the invention, an aluminum 
nitride sintered body comprises characteristics such 
that an amount of total mstal elements other than alu- 
minum is smaller than 1C0 ppm, and a g-value of un- 
paired electrons is smaller than 2.0000 on a spectrum 
of aluminum nitride measured by an electron spin reso- 
nance method. 

Moreover, according to the invention, an aluminum 
nitride sintered body comprises characteristics such 
that an amount of total metal elements other than alu- 
minum is smaller than 100 ppm, and an amount cf spin 
per un ; 1 rng of aluminum obtained from a spectrum on 
an electron spin resonance method is greater than 
5x1 0 12 spin 

Moreover, according to the invention, an aluminum 
nitride sintered body comprises characteristics such 
that an amount of total metal elements other than alu- 
minum is smaller than lOO ppm : and a main peak of a 
spectrum measured by a cathode luminesce rca meth- 
od exists in a wavelength region from 350 nm to 37C nm. 

Further, accord ng to the invention, a matal includ- 
ing member comprises a construction such that a metal 
member is embedded in a substrate member made of 
an aluminum nit rid© sintered body, said metal member 
and said substrate member are intsgrally sintered, and 
a part of said substrate member s made of the alumi- 
num sintered body mentioned above. 

The inventors performed an examination having the 
step3 of forming highly purified aluminum nitride pow- 
ders in which a metal member is hcludec to obtain a 
formed body and sintering integrally tne thus obtained 
formed body by means ol a hot press method. During 
this examination, W3 found that a volume resistivity of 
the substrate member made of aluminum nitride, to 
which at ieast one side of the metal member is contact- 
ed, is extremely decreased, and the phenomena lead to 
the present invention. The phenomena arc no I krown 
until now in the highly purified aluminum nitride sintered 
body. 

In the metal including member according to the in- 
vention, the aluminum n stride formed body and the metal 
member arranged therein are integrally formed, and 
thus, in the metal including member, the substrate mem- 
ber made of aluminum nitride is substantially divided by 
the metal member embedded therain. In this case, ihe 
aluminum nitride sinter ad body having an extremely tow 



volume resistivity is founc at a first portion to which at 
ieast one side ol the metal member is con (acted. 1 1 this 
embodiment, since the aluminum nitride formed body 
and the metal member are integrally sintered, it is not 
» pessfcie to control in such a manner that only the first 
portion has a low volume reactivity by adding a low re- 
sistance material Guch as metal in the first portion. In 
the metal including member according to the invention, 
a base chemical composition of aluminum nitride is 

W mainlained at overall portions of the substrate member, 
and thus a rarnoval of the icw resistance material from 
the aluminum nitride substrate member can be eliminai- 
ee completely- Therefore, ihe matal including member 
can be used preferably in ihe semiconductor manufac- 

rs turlng apparatus in which such a removal ol the law re- 
sistance material must be eliminated. 

The metal including member according to the in ven - 
tion can be appliec to varous purposes which use the 
member in which the metal member is embedded in the 

20 substrate member made of aluminum nitride, and can 
be preferably used as an electrode embedded member 
used under an environment in which impurities must be 
eliminated. As one example of such purposes, ceramic 
electrostatic chuck, ceramics heater and high frequen- 
ts cy electrode apparatus can be shown, and, panic ulariy, 
the msTal including me/rthHi according to the invention 
can te preferably applied to the electrostatic chuck. 

in the case ct using the metal including member ac- 
cording tothe Invention as the electrostatic chuck, sines 

zc a volume resistivity ol Ihe first portion Is smaller than 
1.0X10 13 £2'Cm at room temperature, it is possible to 
improve a chucking property of the electrostatic chuck. 
In this case : if an thickness of the first portion using as 
an insulation dielectric layer is made greater than 500 

35 ujti, it is possible to obtain a sufficient chucking property. 
This is because, even in that case, electric charges ap- 
pear on a surface of the insulation dielectric layer from 
the electrode. Therefore, acceding to the invention, it 
is oossible to chuck and hold a large semiconductor wa- 

J 0 fer over 3 inch stacly in a wide temperature rang a from 
a low temperature such as -SQ*C to a nigh temoerature 
such as over 300*C. 

Since the substrate member of the metal including 
member is integrally sintered ?Mh the metal member 

4 $ embedded in the formed body, the chemical composi- 
tion of aluminum nitride which consists the substrate 
member are not basically varied at between the first por- 
tion and the second portion. Here : in the case of J3ing 
the highly purified aluminum powders mentioned above, 

so it is possible to obtain the aluminum sintered body hav- 
ing a relative density o : over 95.0% by s ntering integral- 
ly by means of the hot press method. 

In the present invention, the metal including mem- 
ber may be obtained by preparing an aluminium nitride 

ss raw material having an amount of total metal elements 
other than aluminum of smaller than 100 ppm, forming 
the thus prepared aluminum nitride raw materia! to ob- 
tain a formed body embedding a metal member in the 
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thus obtained formed body to obtain a nr.etal ircluding 
formed body, and sintering Ihe Ihus obtained melal in- 
cluding fanned body under a tempeiature of 1S50 8 C- 
2200°C. In ihe metal including member, the substrate 
member is substantally divided into tie first portion ard 
the second portion oy the metai member. Actually, the 
second portion woo cut out from Ihc substrate member 
and a volume resistivity of Ihe second portion was meas- 
ured at rcom temperature. As a result,, rneasu'ed vel- 
um© resistivities are in a range of 3.0X *! 0 1 3 ~ 1 .0X1 
G-cm. 

At the same time, the first portion was cut out from 
the substrate member, and a volume resistivity of the 
first pert ton was measured al room tempera lure. As a 
result, measured volume rasistivft es are decreased un- 
der 1.0X1 0 1 3 Q-cm. Thai is Lo say, a volume resistivity 
of the first portion is decreased by 1 0^-1 00 times as 
compared with that of the seconc ponion. Moreover, a 
volume resistivity o : the first port on dees not become 
under 1X10- Ll-cm. . 

in ord9r to use the metal including member as a 
function gradient member, it is prefer ed to set a ratio of 
a volume resistivity between ihe first portion and the 
second portion to 1 : 1 0 or more. 

In raw materials made of aluminum nitride powders, 
it is bfittftr to minimize fin amount of m^al elements oth- 
er than alumin urn. and an amou nt of metal elements oth- 
er than aluminum is preferably und9r i CO ppm. Here, a 
term of "metal elements other than aluminum" means 
melai elements belonging to I a~V! a. VIII, I b t or II b 
group In the per odic law table and also a pari of ele- 
ments (Si, Ga, Gc : etc) belonging to II b, or IV b group. 

in ihe present invention, the metal member is em- 
bedded in the aluminum nitride formed body In this step, 
the following method can be utilized. 

Method (1 ): A preliminary formed body is produced, 
and a metal member is arranged cn the preliminary 
formed body Then, ca ramies powders are filled on 
the preliminary *orrned body and the metal member 
in a press machine, and ihen a uniaxial pressure is 
applied in the press machine to obtain te formed 
body. 

Method (2): Two ciale-like formed bodies are pro- 
duced by a cold iscstatic press method, and a metal 
member is sandwiched cy two plate- like formed 
bodies. Under such a condition, two plate-like 
formed bodies and the metal member are hot- 
pressed. 

The metal member is formed preferably by a plate - 
like metal bulk member. In the case that the metal in- 
cluding member is an electrostatic chuck the metal 
member is a plata-!ike electrode made of the metal buik 
member. Here, a term "plate-like metal bulk member' 
means a member formed by arranging, a metal wire or 
a metal plate in a plate-iike shape as shown in Figs. 2 
and 3 without arranging the metai wire or the me:al plate 



In a spiral shape or a zigzag shape. 

Since the metal member is integrally sintered with 
the Aluminum nitiide powdeis. the metal member is 
formed preferably by a metal member having a high 

» melting point. As the metal member having a high melt- 
ing point, use i3 preferably made of tantal, tungsten, mo- 
lybdenum, platinun, rhenium, hafnium or on alloy of 
these elements mentioned above. From the view point 
of semiconductor pollution, it is further preferred to use 

TO tantal, tungsten, molybdenum, platinum or an alby of 
these elements mentioned above. As for a work 
chucked by the electrostatic chuck, an aluminum water 
is shown other than the semiconductor wafer. 

In order lo produce ihe melal including member ac- 

f£ cording to tha invention, it is preferred that the metal 
member is a metal ouik member and lhal, In Ihe lorrned 
body, a thickness of the first portion is smaller than that 
of the second portion, in this case, the thicknesses of 
the fi rat portion and the second portion mean a th ickness 

20 viewed perpendicularly from a surface of the metal bulk 
member It is preferred to set a ratio of thickness be- 
tween the first portion and second portion to 1 :2 ~ 1 : 50. 

Moreover, a volume resistivity of the first portion is 
further decreased if a Thickness of the first ponion is 

25 preferably set to smaller than 10 mm. In order to pr educe 
the mfitel including -nemoer as a function gradient mem- 
ber, il is preferred Xz set a thickness of the second por- 
tion to greater than 10 mm. preferaoly greater than 20 
mm. An upper value of the thickness Is not 'imited here, 

30 bul is determined according ion sue of Ihe metal includ- 
ing member. Moreover, it is further preferred to set a 
thickness of the first port 1 on after sintering to greater 
than 1.0 mm and smaller than ICO mm, preferably 
greater than 1 .0 mm and smaller than 5.0 mm. 

35 Prom the view ooht of a stability on an actual man- 
ufacturing, it is preferred to set a thickness of the first 
portion and a thickness of the second portion to greater 
than 3.0 mm. 

Preferably, in the metal including member men- 

1Q tioned above, the metal member is sintered integrally 
with the aluminum nitride formed body under such a 
condition that both of the thicknesses of the first portion 
and the second portion are set to smailer than 5 mm. In 
this case, both of volume resistivities ol Ihe first portion 

J £ and the second portion may be decreased under 
IXlC^fl-cm. 

In order to further decrease these volume resistivi- 
ties; it is further prelerred to set a thickness of the first 
portion to smaller lhan 4.0 mm. 

so in the case of producing the metal including mem- 
ber according to the invention, it is preferred that the 
metai member is the plate-like metal bulk member and 
that the integral sintering is performed under such a con- 
dition that a pressure is applied perpendicular ty with re- 

55 sped to a surface of tie plate-like metal bulk member. 
In this case, in order to produce the metal including 
member as the function gradient membar it is prefarred 
to set a ratio of thickness between the first portion and 
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the second ponion w i:3 or more particularly i:5 or 
mere, sc as Lo make a difference of volume resistivity 
between tha first portion and the second portion suffi- 
ciently !arger as the function gradient member In this 
case, an upper value of the thickness ratio does not sxist 
theoretically, but from the view point of an actual man- 
ufacturing, it is preferred to set the ratio of thickness be 
tween the first portion and tha second portion to 1 :S0 or 
less. 

As the plats-like ratal bulk member, the folio wings 
are shown. 

(i) A piate-iike metai ouik member mace of a thin 
plate. 

(S) A bulk member In which a plurality of small spac- 
es are formed in aplala-like electrode. This includes 
a bulk member in which a plurality of small holes 
are formed in a plate-like member, and a bulk mem- 
ber mace of a net. As the plats-Ike member having 
a plurality of smail holes, uac is made of a punching 
metal. In the case of using the punching metal made 
of a metal having a high melting point since the 
metal having a high melting point is hard, it is difficult 
to form a pbrality of small holes in the plate-like 
member having a high melting point by punching, 
and thus a machining nnst baonmas Btframaiy high- 
er. On the other hand, if jse is made of the buik 
member made of the net. ft Is easy to prepare a wire 
member mace cf a metal having a high melting 
point, and thus the metal net is easily formed by knit- 
ting the wire members. 

In this case, a mesh shape of the metal net and a 
wire diameter are not limited here, however, the metal 
including member satisfying a condition of wire diame- 
ter: 0.03 mm, 150 mesh ~ wire diameter 0.5 mm. 6 
mesh can bs used with no problsm. Moreover a cross 
sectional shape of the wire member which constructs 
the metal net may be circular, ellipse, rectangle o* the 
other various rolled shape Here, 1 mesh means 1 per 
1 inch. 

When the formeo becy covering the metal member 
Is sintered unde' pressure, a sintering temperature is 
preferably 1850~2200*C according lo the invenlicn. In 
this case, it is preferred to set a oressura during sintering 
to greater than 50 kgf/cm 2 : preferably greater than 100 
kgf/cm 2 . A volume resistivity of the first portion depends 
on sintering temperature, pressure, and a time main- 
tained at a sintering temperature i.e. a highest temper- 
ature during sintering (keep time). In this case, a volume 
resistivity of the first portion cut out from the sintered 
body can be controlled in a range of I.OxiO 13 Q-cm ~ 
1.0xiO 9 fl-cm by suitably selecting pressure, sintering 
temperature and keep time within the above mentioned 
rarges. 

In order to produce the metal including member cer- 
tainly, it is preferred to set a sintering temperature to 
greater than IQOO'C. Moreover, an upper limit of a sin- 



tering temperature is 2200°C. since a deterioration of 
the metal member is liable tc be generated if a sintering 
temperature exceeds 22O0°C 

Moreover, as a time for integrally sintering the 

* formed body, it is desirable tc perform a sintering at least 
for 5 hours under a 3intering temperature of greater than 
1E 50 8 Card not greater than 1900°C. Even in a sintering 
temperature of greater than 1900°C and not greater 
than 2000°C it is desirable to keep 'or 2 hours or more 

W at a highest temperatjro (sintering temperature). Fur- 
ther, if the keep time is mads more than 3 hours, pref- 
erably more than 5 ho jrs. a volume resistivity is further 
decreased. At a siniering temperature of greater ihan 
2C00*C, a volume resistivity is decreased by keeping 

?s tor 1 hour or mora al a highest temperature. From the 
view point of an actual productivily on a sintering fur- 
nace, it is prsferreo to set these keeo times to 30 hours 
or less. 

In the case of applying the present invention to tha 
2C electrostatic chuck, it is possible to use en electrode as 
an electrode for plasma generation by connecting a high 
frequency power source tc electrodes of the electrostat- 
ic chuck, and supplying a high frequency voltage to the 
electrodes tcgethe' with a DC voltage. In this casa : if 
25 the electrodes are tor sxample made of tungsten anc a 
frftquancy is 1 3 56 MH7 ir is desitarra to sat a th in kn ass 
of the electrode to 430 urn or more. However, since it is 
difficult to form the electrode having such a thickness by 
the screen printing method, the electrode is formed by 
0Q the metal bulk .member. Moreover, i' a thickness of Lhe 
insulation dielectric layer is within a range of 0.5 mm — 
5.0 mm. a self-healing due to a dielectric loss is not so 
large, and thus it is possible to use as tha high frequency 
electrode. 

OS In the present invention, tho electrostatic chuck 
electiods or the high frequency electrode and so on ol 
the electrostatic chuc< or the electrode apparatus for 
generating plasma, which uses tha aluminum nitrida sin- 
tered body in which a total amount of metal elements 

-*o other than aluminum s under 100 ppm and a volume 
resistivity is greater than 1. Ox 10 s fl-cm and smaller 
1.0X10 13 il-om, as the substrate member may be 
tormed by the screen printing method. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross sectional view showing schemati- 
cally a part of an electrostatic chuck to wnicn the 
present invention is applied; 
SO Fig. 2a ie a perspective view illustrating a cross sec- 
tion of the electrostatic chuck shown in Fig. 1 . and 
Fig. 2b is a perspective view depicting an electrode 
made of a metal net: 

Fig. 3a is a perspective vi9w showing a punching 
55 metal preferab y used as ihe electrode. Fig. 3o is a 
plan view illusfating a circular thin plate which can 
be used as the electrode, and Fig. 3C is a plan view 
depicting a thin plate which can be used as the elec* 



3 



X 



9 



EP 0 771 772 A2 



10 



trode: 

Fig. 4 is a cross seclional view showing schemati- 
cally a part of the electrostatic chuck with heater lo 
which the present invention is applied; 
figs. Sa and Sb are schematic views illustrating re- 
spectively positions of respective sintered bodies in 
a metal including member according to the inven 
tion; 

Figs. 6a, 6b and 6c are schematic views dspicting 
respectively positions of respective sintered bodies W 
in me metal including member according to the in- 
vention; 

Fig. 7 is a schematic view showing positions of re- 
spective sintered bodies in the metal ircluding 
member according to the Invention: rs 
Fig. 3 is a schematic view for explaining a r9lalion 
between a g-vaiue of ESR spectrum and a coupling 
state of aluminum with the other elements; 
Fig. 9 is a schematic view : cr explaining a theory of 
a cathode luminescence; 20 
Fig. 1 0 is a cross sectional view for explaining a hot 
press method used preferably for producing a metal 
including member according to tie invention; 
Fig. 11 is a graph showing a measured cathode lu- 
minescence spectrum of an aluminum nitride sin- 25 
terfld horiy according to fha invention; 
F ; g. 1 2 is an SEMmicrophotograph illustrating a ce- 
ramics structure of the aluminum nitride sintered 
body according to the invention; 
Fig. 13 is a graph depicting a measured calhode 30 
luminescence spectrum of an aluminum t ikride sin- 
tered body, in which 5 wt% of yttria is added, ac- 
cording to a comparative example; and 
Fig. H is an SEM microp holograph shewing a ce- 
ramics structure cf the aluminum nitride sintered 
body, in which 5 wt% cf yttria is added : according 
to the comparative example. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

40 

Hereinafter, the present invention will be explained 
witi reference to the drawings. 

Fig. 1 is a cross sectional view showing schemati- 
cally one embodiment of an electrostatic chuck. Fig. 2a 
is a perspective view illustrating a cut-out portion of the 
electrostatic chuck shown in Fig. 1 . and Fig. 2b is a per- 
spective view depicting an electrode 3 made of a metal 
net. 

In these embodiments, a flange !c having a ring 
shape is arranged on a side circumference surface Id of so 
a sub strata member 1 having a substantially disc shape. 
An electrode 9 made of a metal net 3 is embedded in 
the substrate member 1. A semiconductor wafer 6 is 
held on a holding surface la. An insulation dielectric lay- 
er ;first portion) 4 having a predetermined thickness is ss 
formed between the holding surface la and the electrode 
9. A terminal 10 is embedded in a supporting portion 8 
of the substrate member 1 . One end of the terminal 10 



Is connected 10 the eiectrcde 9. and :he ether and of The 
terminal 10 is exposed at a rear surface ib of the sub- 
strate membei 1. Through holes 2, through which a pin 
for elevating the semiconductor wafer G is arranged, are 
» formed in the substrate member 1 at a predetermined 
petition. 

A positive electrode of a DC power source 7 is con 
nected tc the terminal 1 0 via an electric wire 5A. and a 
negative electrode of the DC power scuxe 7 is connect- 
oc to the semiconductor wafer 6 via an electric wire 58. 
In these embodiments, the electrode 9 is formed by the 
metal net 3 shown in Figs. 2a and 2b. The metai net 3 
comprises a circular wire 3a and a wire 3b arranged 
crosswise in the circular //ire 3a. A mesh 13 is formed 
by the wire 3b. 

Fig. 3a is a perspective view showing a punching 
metai 14 which can be used for the electrode 9. The 
punching metal 14 has a circular shape. A plurality of 
holes 14b are formed in the punch ng metal 14 like a 
checkerboard pattern. Fig. 3b is a perspective view il- 
lustrating a circular thin plate 1 5 which can be used for 
the electrode 9. Fig. 3c is a plan view depicting a thin 
plate 1S which can be used for the electrode 9. Slit-like 
cut-out portions 1 6b and 1 6c are ferried in the thin plate 
16. In this embodiment, three slit-Ike cut-out portions 
1 ssnri three slit-like ait-out portions 16c are arranged 
alternately in a parallel manner. The slit-like cut-out por- 
tion 16b Is opened downward in Fig. 3c : and the sliWIKe 
cut-out portion 16c is opened upward in Fig 3c. There- 
fore, a narrow conductive 'ins is formed in the thin piaie 
16. A terminal is connected tc both ends 16a of the con- 
ductive line. 

Fig. 4 is a cross sectional view showing schemati- 
cally another embodiment of the electrostatic chuck. In 
Fig. 4, portions similar to those of Fig. 1 arc denoted by 
the same reference numerals in Fig. 1 , and explanations 
of those portions are omitted here, h this embodiment, 
a resistance heating member 21 is embedded in the 
supporting portion 3 A terminal 22 <s connected to both 
ends of the resistance heating merrbe* 21 . A cable 23 
for feeding an electric power is connected to the termi- 
nals 22. The cable 23 is connected to a power source 
net shewn. 

The inventors further discussed in detail the reason 
for obtaining a sintered body having an extremely low- 
ered volume resistivity from the insulation dielectric lay- 
er (first portion). During this discussion, the inventcrs 
found that a portion having an extremely lowered vol- 
ume resistivity is generated in at least one side of the 
metal member by embedding a plate-like metal member 
made of molybdenum in a formed body applying a pre- 
determined pressure in a vertical direction with respect 
to a surface of the plate-like metal member, and sinter- 
ing the formed body integrally under predetermined 
temperature, pressure, Keep time, anc so on. This 
cause is not clear. 

The inventcrs performed an element analysis with 
respect to the first portion and the second portion of the 
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aluminum sintered body as The substrate mamoer to 
which the surfaces of the metal member made of mo- 
lybdenum *i e respectively connactad. As a tasults, it is 
fotnd that molybdenum is a trace both in the first portion 
and the second portion. That is to say, it is confirmed » 
that a conductivity increase ia not performed by an in- 
clusion of molybdcrum into aluminum nitride. 

However such a possibility that a very little amount 
of molybdenum exits in a boundary of an aluminum ni- 
tride crystal anc this phenomenon varies an energy T£? 
band is not denied. Moreover there s a possib lity that 
a little amount of carbon or oxygen included in the metal 
member made of molybdenum bercre sintering is dif- 
fused toward a surface of the first portion during sinter- 
ing or diffused toward the metal member made cf mo- is 
lybdenum, and this phenomenon provides scrri9 influ- 
ence. 

Particularly there is a case thai the aluminum ni- 
tride sintered body having an extremely low vobme re- 
sistivity ia genoratec on both surfaces of the metal mem* so 
bar and the metal member is included in the aluminum 
nitride sintered body having an extremely low volume 
resistivity. For Gxamp'e, the embodiments shown in 
Figs. 5a.. 6a, 6b. 6c and 7. correspond to this cssa. In a 
structure that the metal member is included in the alu- zs 
mmnm nitiida a in tar Ad hnrly as thfi substrate member 
the metai member acts ss seme defects with respect to 
aluminum nitride. Therefore. In the case of heating the 
metal inducing member rapid y to a high temperature 
or in the case of subjecting [he metal including member 30 
to a heat cycle between a low temperatuie and a high 
temperature, the substrate mcmbc is liable to oc frac- 
tured at a neighborhood of the metal member However 
in a structure that the metal member is included in the 
aluminum nitrido sintered body according to tho invon- 3$ 
Won in which a volume resists ty is low and a structure 
is densified, the mslal member is not fractured due to a 
thermal shock. 

The inventors produced many metal ir eluding 
members under various conditions by using various ap- J <? 
paratuses. and discussed in detail about the first penien 
and the second portion cut cut from the aluminum nitride 
sintered body. The 'esults will be explained with refer- 
ence to Figs. 5a, 5b, 3a*5c and 7. 

in a metal including member 25A shown in Fig. 5a, *s 
a metal member 26 is embedded in the substrate mem- 
ber, and an outer circumferential portion 27 A thereof is 
constructed by a lightbrewn or white-yellow sintered 
body, while a black- brown or black sintered body 23 A is 
generated in the lightbrown or white-vallow sintered 50 
body. In a metal including member 25B shown in Fig. 
5b. the metal member 26 is embedded in the substrate 
member, and an outer circumferential portion 27Sthere- 
of is constructed by a lightbrown or white -yellow sintered 
body, while a black-brown or black sintered body 298 is ss 
generated in the liqhtbrown or white-yellow sintered 
body. Asurtacacf the metal member 26 at the insulation 
dielectric layer side is brought into contact with the fight- 



brown or white-yellow sintered body 273. and a surface 
of the metal member 26 at the supporiing portion side 
is orcught into contact with the black-brown ui black sin- 
tered body 233. 

In the lightbrewn or white -ye How sintered body 
mentioned above, a volume resistivty at room temper- 
ature ia greater than 1.0X10 9 iJ-cm and omollcr than 
1.0X10 13 fl-cm. a g-value of unpaired electrons is 
smaller than 2.CC00 on a spectrum cf aluminum nitride 
measured by an electron spin resonance method, and 
an amount of spin per unit mg of aluminum obtained 
from a spectrum on an electron spin resonance method 
is greater than 5X10 12 spin. Moreover, it is prefarred 
lhal a relative density of the aluminum nitride sintered 
bedy isgraaterthan 35.5%. By analyzing a crystal struc- 
ture of the aluminum nitride sintered body, it is found 
that there is an sfumin um nitrice main crystal phase and 
a circular ALON phase, but there is not a so-called 27R 
phase (Ai 2 03-7 phase). 

It is preferred thai an amount of spin of the alumi- 
num nitn'de is greater than 5.0x1 0 12 3pin/mg, especially 
greatar than 6.9x*0^ scin/mg. It is fjrther preferred 
that a volume resistivity of aluminum nit rid 3 at room tem- 
perature is greater than 3.0x10* < fl-cm. It is further pre- 
ferred that a g-valua of unpaired electrons cf aluminum 
nitride is small a r th=in 1 PPAI 

On the other hand, in the black-brcwn or black sin- 
tered body mentioned above, a volume resistivity at 
room temperature is greater than 1.GX10 13 fi-cm, ag- 
value of unpaired electrons is greatsr than 2.CC40 
(smaller than 2 0055; : and an amount of spin is smallet 
than 4.5X10* 2 spin/cm (preferably smaller than 
4.2X1C 12 spin/cm). Moreover it is preferred that a rel- 
ative density is greater than 99.0%, especially greater 
than 9S.5%. 

In this caso : a main crystal phase is aluminum ni- 
tride, but the ALON phase is generated as a sub-crystal 
phase. Typically, in aluminum nitride mentioned above : 
ALON grains havirg a grain size of about 0.1 jin are 
generated in tne aluminum nitrids grains having a par- 
ticle size of 3-3 un. 

Both in the lightbrown cr white-yellow sintered body 
and in the black-brown or black sintared body a lattice 
constant thereof dees nol differ with each ether. Thai is 
to say, a specific relation between kinds of crystal phas- 
es other than the aluminum nitride crystal phase and a 
volume resistivity is net detected. Moreover, a mean 
six6 of the aluminum nitride grains particles is smaller 
lhan 3u.min the black-brown or black sintered body and 
is 3—4 pm in the lightbrown or white-ye!!cw sintered 
body, and thus Ihey do not differ with each other sub- 
stantially. 

It is generally understood that an insulation resist- 
ance of ceramics is cecreased, if the grain size becomes 
larger. This is because, if the grains become larger in 
the case thai a resistance of ihe grain boundary is great- 
er than that cf the gra n, the number ot the oouncarias 
is decreased, and a total resistance s decreased corre* 
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sponcingly. However, in highly purified aluminum nitride 
according ic the invention, even if the grain sizes cf the 
first poitton and the second port en are subs:ant;ally 
same, a volume resistivity is varied therebetween. This 
is contrary to the general knowledge. Therefore, it is un- 
derstood that a variation of volume re3istivity of alumi- 
num nitride not only depends on kind and grain size of 
the crystal phase, tut also depsrds on a defect in the 
aluminum nitride crystal phase and a defect of the 
boundary. 

in a metal including member 25C shewn in Fig. 6a, 
an outer circumferential pcrtion cf ihesubstrate member 
is farmed by a lightbrown or white-yeiiosv .sintered body 
27C, and a white or while-gray sintered body 29A is 
formed in the lightbrown or white-yellow sintered cooy 
270 The rrtelal member 26 is included in the sintered 
body 27C. Also, n netal including member 25D or 25E 
shown in Fig. Sb or Fig. 5c, an outercircumferential por- 
tion of the substrate member is fcrmsd by a lightbrown 
or wh:tc-yclIow sintered body 27D or 27E, and a white 
or white-gray sim.ered body 29B or 29C is formed in the 
sintered body 27C or 27E. The metal member 26 is in- 
cluded in the sintered body 27D or 27?. A volume of 
portion occupied by the whits or white-gray sintered 
body (23A 29B or 29C) is largest in the embodiment 
shown in Fig 8h, whilfi sacorri largest is Fig 6a and 
third largest <s Fig. 6c. 

in a metal including member 25F shown in Fig. 7, 
an cuter ci rcumferentiai portion cf the substrate member 
is formed by a lichibrown or while-yellow sintered body 
27F, and a white or white-gray sintered body 2SD is 
formed in the sintered body 27F. A surface of the metal 
member 26 at the insuiaticn dielectric layer side is 
brought into contact with the lightbrown or white -ye I low 
Sintered body 27R A surface of the metal member 26 at 
the supporting portion side is brojght into contact with 
a black-brown or biack sintered body 23C which Is con- 
tinued to a white or whtte-gray sirteied body 29D. 

The Nghtbrcwn or white-yellcw sintered body 27F 
mentioned above has a relativa density cf greater than 
99.5%. a mean g-ain size of greater than 5 urn. a volume 
resistivity of 1X1C 9 ~1X1G 12 U-cm, an amount of spin 
of greatertnan 3xi 0 ,2 spln/mganda g-value of smaller 
than 2.000. Moreover, the crystal phase of Ihe sintered 
body 27F is 27R phase. The sintered body 27F has 
characteristics similar to those of the lightbrown or 
white-yellcw aluminum nitride sintered body mentioned 
above. However, since the crystal phase thereof is 27R 
phase and a mean grain sizo is little larger, there is a 
tendency that a volume resistivity is slightly decreased 
as compared with the aluminum nitride sintered body 
mentioned above. 

In the aluminum nitride sintered body 27F a micro- 
structure and an electric characteristics thereof are sub- 
stantially same as those otthe aluminum nitride sintered 
body mentioned above, but a sintering proceeds slightly 
and a grain size becomes slightly larger Therefore, it is 
assumed that a volume resist vity is decreased corre- 



spondingly and a cry-seal phase is varied. 

The whits cr white-gray sintered body 290 has a 
volume resistivity at loom temperature of greater than 
6.GX10 13 ft-crn, a g-value of unpaired electrons of 
» smaller than 1.9901, and an amount of 9.5X10 spin/rrg. 
Moreover a relative density of the sintered body i3 
smaller than 09.5% and is normally 07.5%~90.0%. 

Therefore, in the white or white-gray sintered body 
2SD : ESR (Electron Spin Resonance) characteristics 

TO are substantially same as those of the lightbrown or 
white-yellow sintered body in which a volume resistivity 
is extremely decreased, but it is assume:! that a volume 
resistivity is increased due tc a generation of voids Par- 
ticularly, in the case o* sintering in a high lemperaiure, 

fff a vapor of inside CO gas and so on is generated in the 
second portion (supporting portion) which has a relative- 
ly larger volume, and thus voids are generated in the 
sintered body. Even if a mic restructure of the sintered 
body is same, a color cf the sintered body looks ike a 

20 black or a black- gray m the case of a low porosity and 
also looks like a white or white-gray h the case of a high 
pcrosity. The sintered body mentioned above some- 
times includes 27R phase. However, whether 27 R 
phase is included or not depends or a sintering t9rnper- 

25 ature If a sintering is performed in a high temperature, 
?7R phase is !iahla ro he generated 

A g-value of upaired electrons and an amount of 
spin on a spectrum measured by the electron spin res- 
onance method (ESR method) show a structure of de- 

30 feels in a crystal phase or a boundary of aluminum ni- 
tride. 

This theory will be explained shortly. In the unpaired 
electrons under a magnetic field, an energy level is split 
due to Zeeman effect This energy level reacts sen si- 

3S lively with a reciprocal action of an orbit movement of 
electrons and a nuclear magnetic efficiency of neighbor 
electrons. In the ESR mgthod, it is possible to obtain 
information about an a:cm neighboi ing the upaii ed elec- 
trons or a chemical coupling and so en by measuring 
the split energy level. 

In aluminum nitride, a g-value cf upaired electrons 
of aluminum is varied corresponding to a crystai field in 
which upaired electrons exist. This g-value is 2.0000 
thecralically in a free electron, and is 2.0C231S after a 

4 & reativity correction, A£ atom and N atom in the alumi- 
num nitride crystal has a wurtzite structure having 'cur 
coordinations. Therefore. SPG hybridized orbital is con- 
strucled by one aluminum atom and thrs-e nitrogen at- 
oms. It is known from an amount of spin of respective 

50 samples where unpaired electrons in the lattice defects 
exists in the crysta coordination or what kind of atoms 
exists near the unpaired electrons. 

If a kind of atoms coupled with Atf atom having un- 
paired electrons is varied, an amount cf spin of the un- 

55 paried electronsandag-value are largely varied. Alarge 
variaiion of g-value is due to a variation ot a kind ot at- 
oms coupled with aluminum. That is to say, if a kind of 
coupled atom is variec from nitrogen atom to carbon at- 
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cm or aluminum aicm, a g-valuesnd an amount of spin 
is largely varied. In Si alcm having four coordinates, il 
is reported thai the same variation of spin amount oc- 
curs ("ESR estimation method of materials"; IPC Pub- 
lishing, page 57). 

Remarkable variations of a g -value and an amount 
of op in obtained in thio mcaaurcmcni arc thought to be 
originated from a variation of a kind of atorms coupled 
witn aluminum at for coordinations. That is to say, alu- 
minum atom is coupled with aluminum atom. 

As shown in Fig. 5, in the case 'hat three nitrogen 
atoms are coupled with alumin jm, if !he nitrogen atoms 
coupied wiih aluminum are substituted by aluminum a 
g-value becomes larger and a half-width becomes 
smaller I.e. a width of peak becomes smaller and the 
peak becomes sharp 

1 1 is understood that a g-va!ue is varied if the number 
of nitrogen atoms coupled with aluminum is varied. 
Here, since carbon atoms and oxygen atoms exist in the 
aluminum nitride crystal phase it is assumed that a car- 
bon atom or an oxycen atom is substituted by a nitrogen 
atom. If a carbon atom or an oxygen atom is substituted 
by a nitrogen atom, a g-valus is decreased and thus a 
substitution rate of atoms should oe extremely ( ow. 

In the lightbrown or white-yellow sintered body, a g- 
valuft of paak is smallsi than ? 0000 In addition, the 
peak is broad ard a half-width is large, in the sintered 
body mentioned above, it is assumed that an oxygen is 
solid-soluted in the aluminum nitrogen crystal i.e. O 2 * Is 
substituted at N 3 * site and A^ 3 ~ is removed. 

If an absorption peak on E3R spectrum of respec- 
tive sintered body is compared with each other, the light- 
brown and white-yellow sintered body has the largest 
absorption strength and has a wide half- width. It is as- 
sumed that the largest conductive electron arc trapped 
or collected in the lattice def acts mentioned above and 
the thus trapped or collected conductive electrons are 
contributed to a decrease of electric resistance. 

In order to further make clear :he reason, the inven- 
tors measured a cathode luminescence spectrum with 
respect to the ligntbrown or white-yellow sintered body. 

A cathode luminescence is generally one Kind of re- 
flection waves from a specimen to which electrons are 
emitted. As shown in Fig. 3 as a schematic view, an ex- 
citation electron is exited from a valence band to a con- 
duction band and a oosrtive hole is generated in the va- 
lence band. In this case, an emission luminescence cor- 
responding a band gap between the conduction bard 
and the positive hobs in the valence band. In addition, 
if a local electron level other than the conduction band 
is generated due tc a function cf defects or impurities 
included in the crystal, an emission luminescence due 
to a re-coupling of exited elect'ons in the local electron 
level with the positive holes in the valence band is also 
generated. Therefore, it is possible to obtain information 
about a crystal property and the defects and impurities 
included in the crystal from the cathode luminescence 
spectrum. 



A cathode luminescence spectrum of the lightbrown 
or while-yellow sintered bcoy was measured. As a re- 
sult as shewn in Fig 11 , ; t is understood that a strong 
peak exists in a wave length range of 350- 37C nm. 
» Moreover, a weak peak, which is assumed as a double 
multiple wave of the strong peak, i3 detected in a wave- 
length range of 350-750 nm. 

Further, as a comparative example, a cathode lumi- 
nescence spectrum was m9asurec with respect to a 
W highly densifiod sintered body obtained by adding 5 wt% 
of yttria powders to aluminum nitride powders to cbtsin 
a mixtura and sintering the thus obtained mixture. As a 
result as shown in Fig. 1 3, weak peaks are delected at 
wavelengths of about 340 nm. 500 nm and 600 nm. 

*s Such a difference of emission luminescence wave- 
length shows a dilference cf a kind o' enission lumines- 
cence i.e. an electron level in the band gap. Moreover, 
a difference of emission luminescence intensity shows 
a diffarence of electron density due to impurities. Par- 

20 ticuiahy, in the lightbrown or white -yellow sintered body, 
a strcng and sharp peak is observed in a wavelength of 
350~37Q nm. This shows that an electron density is 
high with respect to a particular impurity. 

Moreover a mapping of amission luminescence 

25 having a wavelength cf 36C nm measured by a cathode 
luminescence wss pettnrmad with laspfinf to tha light- 
brown or white-yellow sintered body. As a result it is 
understood that the emission luminescence having a 
wavelength of 360 nm is observed in the aluminum ni- 
ce Iride grain. The gra n boundary thereof is iark and such 
emission luminescence is net observed. This shows that 
a rcgon cf high electron density i.e. a region in which a 
number of local electron levels exist is distributed in the 
grain but in the grain boundary. 

3S Moreover a .measurement of a distribution of oxy- 
gen density was performed by X-ray microanalyzer (EP- 
MA) with respact to the lightbrown or white-yellow sin- 
tered body. As a result, relatively terga amount ol oxy- 
gen atoms exist in the grain. On the other hand, r, the 

*Q sintered body *cr a comparison in which 5 wt% yttria is 
acded, an oxygen concentration is gradually decreased. 
In addition, a region o : the sintered oody for a compar- 
ison in which relatively large amount of oxygen atens 
exist is substantially equal lo a region in which yllria ex* 

*s ists. It is known that yttria ;s not soluticn-soluted in the 
aluminum nitride grain and is discharged into the grain 
boundary. Therefcre : almost ail the oxygen atoms exist 
in the grain boundary out in the grain. 

As can be understood from the experimental results 

50 mentioned above, t is assumed that, in the lightbrown 
or white-yellcw sintered body, a relatively large amount 
of oxygen atoms are solid-soiuted in the aluminum ni- 
tride grain, and this provide a local electron level, there- 
by contributing to a decrease of resistance in tha grain. 

55 This result corresponds to the result in which a strong 
absorbing peak is detected in ESR spectrum. 

On the other and, in the sintered body for a com- 
parison in which 5 wt% of yttria is added ; yttrium is dis- 
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charged from the grain during a proceeding of sintering 
step.- and the discharged yltria functions Ic carry oxygen 
a terns away into the grain coundaty. Theiefore : it is as- 
sumed that an amount of oxygen atoms in the grain is 
decreased 

The sintered body according to the invention is oref- 
crcbly produced by preparing a formed body made of 
aluminum nitride powders incl Jding the formed body in 
a carbon film, and s ntering it The sintering can be per- 
formed by a hot press method or a hot isostatic press 
method. 

In order to include the formed body in the carbon 
film, it is possible to perform tie following method. As 
shown in Fig. 10. Ihe plate-like mela bulk member S is 
embedded in a formed body 20, and the formed body 
20 is divided in to a first portion 20a and a second portion 
20b by the metal bulk member S. As mentioned above, 
a thickness of the first portion 20a is smaller than that 
of Ihe second portion 20b. 

When the formed body 20 is act between an upper 
punch ISA and a lower punch 16B, foils 19A and 19B 
madeol graphite are set on an upper surface and a low- 
er surface of the formed body 20 respectively. The 
formed body 20 and the foils 1 9 A and 1 SB are arranged 
between spacers 1SA and 1S3. Moreovgr, a fol 17 
marifi ot graphite is arranged so as tn covai a siria sur - 
face of the formed body 20. In this manner, ihe formed 
body 20 is sealed up by trie foils 19A. ISBand 17 made 
of graphite. Then, the foil 17 and the formed body 20 
are sel in b. die 1 4 made of carbon via a sieeve 16 mace 
of carbon. Pr essures are applied to the formed bocy 20 
in the die 14 Lpwarcly and dewnwarcly in Fig. 10 by us- 
ing the lower punch 153 and the upper punch 15A, and 
the die 1 4 is heated for sintering. 

In this case, a pressure during tho sintering step is 
set to greater than 50 kg/cm 2 . Moreover, from the view 
point of the apparatus ability, it is preferred to sat this 
pressure smaller than 0.5 ten/cm 2 . 

In the embodiments mentioned above, it is under- 
stood that, when the highly puriiiec aluminum nitnde 
formed body in which the metal member is embedded 
is sintered integrally, it is possible to obtain the alumi- 
num nitride sintered body in which a volume resistivity 
is extremely decreased at the first portion in when a 
length between the metal member and a surface of tie 
sintered body is relatively short. Further, the inventors 
tried to produce an aluminum nitride sintered body by 
preparing a formsd body made of aluminum nitride sin- 
tered body without embedding the metal member there- 
in, and sintering the thus prepared formed body. In this 
case, the sintering step is performed under a condition 
such that a sintering temperature is 1350°C - 2C00 o C. 
a pressure is 1 00—300 kg/cm 2 and a keep time at ?. sin- 
tering temperature is 2 - 5 hours. 

As a result, a volume resistivity of this aiuminum ni- 
tride sintered ocdy is 2 x t O 10 i i-cn at a lowest one, and 
an extreme decrease ol volume resistivity can not be 
ooserved. 



Moreover the nventcrs tried to produce an alumi- 
num nitride sintered body having a re alive densily of 
greater than 95.0% by forming aluminum nitride raw ira- 
te rials having an amount of metal elements other than 

« aluminum of smaller than 100 ppm to obtain a formed 
body, and sintering the thus obtained formed body under 
a condition that a sintering temperature is 1700 9 C — 
2C00 9 C and a pressure is greater than 100 kg/cm 2 . The 
sintered body thus produced has a black-brown color, 

w and a volume resistivity thereof is in a range of 2X10 13 
~ 1 xiO 15 O-cm. Than, the sintered body 'was subjected 
to a heal treatment with no pressure under a non-active 
atmosphere and a temperature or mere than 1850*0. 
As a result, it is found thai a color of the aluminum nilride 

fff sini a red body Is changed Into a lightbrown and a volume 
resistivity is exlramery decreased to a level smaller than 
1.0X1 0 13 U<m. According to the producing method 
mentioned above, it is possible to obtain the aluminum 
nitride sintered body, in which a volume resistivity is re- 

^ markafcly decreased. Vom a single body without using 
a sandwiched metal member. 

In this case, it is preferred tc perform the heat treat- 
ment under an inert atmosphere or a reduction atmos- 
phere. As such an atmosphere, it is further preferred to 

Z£ use a nitrogen atmosphere or an argcr atmosphere. 

Therefore, tha aluminum nitride sintarari horty ac- 
cording to the invention can be applied to suscsptsr tor 
holding a semiconductor wafer, dummy wafer, shadow 
ring, tube for generating a high frequency plasma, dome 

30 (or generating a hich frequency plasma, high frequency 
transmitting window, lift pin for supporting the semicon- 
ductor wafer, substrate of semiconductor manufacturing 
apparatuses such as a shower plats and so on. 

3 s Embodiment 1 

The electrostatic chuck having the constructions 
shown in Pig. 1 and Pig. 2 was manufactured . In this 
case, use was made of aluminum nitride powders cb- 

40 tained by a reduction nitridi7ed method. In the aluminum 
nitride powders mentioned above, an amount of Si, Fe. 
Ca. Mg. K. Na. Cr, Mn, Ni, Cu, Zn. W, 8 or Y was smaller 
than 1 00 ppm respectively, and no other metal compo- 
nent olher than aluminum was detected. 

•*£ The preliminary formed body having a disc shape 
was manufactured by forming the raw materials cne-ax- 
ially under pressure. As the electrode, use was made of 
the metal net made ot molybdenum. As the metal net, 
use was made of a molybdenum wire having a diameter 

so of 0. 1 2 mm and a cen sity of the meta! net was 50 par i 
inch, The metal net mentioned above was embedded in 
the preliminary formed body to manufacture the formed 
body 20 shown in Fig. 10. As shown in Fig. 10, the 
formed body 20 was set in the die, and the formed body 

ss 2C was sealed by the carbon foil as mentioned above. 
The formed body 20 was sintered by the hot press meth- 
oc under the condition of sintering temperature ol 
1S50 9 C, pressure of 200 kg/cm 2 and keep time of 2 
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hours to obtain the sintered bcdy. 

A surface of the thus obtained sin I ere d body which 
faces to the insulation dielectric teyar was machined so 
as to make a thickness of the insulation dielectric layer 
1 mm. The hole 2 was formed in the sintered body from » 
a rear side by a machining center. The terminal 10 wa3 
connected to the electrode 9. Rcativc densities of the 
supporting portion S and the aluminum nitride sintered 
body, which constructs tne insula: ion dielectric layer 4, 
were larger than 93.0%. The e! ectrostatic chuck thus ob- 10 
tained had a diameter of 200 mm ard a thickness of S 
mm. 

Soecimens were cut out from various portions cf the 
electrostatic chuck thus obtained so as lo perform the 
analysis. At first, a ecler ot the nsuiailcn dielectric layer ?5 
4 was a whils-ysilow. On Ihe ether hand, a color of 'tie 
supporting portion S was a black or black-brown. The 
analysis resets about a crystal s:ructure and a crystal 
phase of respective portions were the same as those 
mentioned above. 2C 

Moreover, a volume resistivity of the sintered bcdy : 
which constructs the insulation dielectric layer 4, was 
8.9X1G 10 IXcrn, and it was confirmed that a volume re- 
sistivity is extremely decreased. On the other hand, a 
volume rssistivity of the black or black -brown sintered 25 
body, which constructs rha snppmt rig portion 3, was 
2.6X10 13 ~ 2.SX10 13 U-cm. and it was confirmed that 
a volume resistivity thereof is remarkably greater than 
that of the insuiation dielectric layer 4. 

Further, ESR spectrum was measured with rsspecl M 
to tie specimens cut out from tha insulation dielectiic 
layer 4 and the supporting portion S. As a result, a g- 
value of the supporting portion 8 on E3R spectrum was 
2.0053 ± 0.0001 and the peak thereof was strong and 
sharp. On the other hand, a g-valuo of the insulation di- 3S 
electric layer 4 was 1.9960 ± 0.0OC1, and the peak 
thereof was strong and broad. 

Moreover a chucking property of the electrostatic 
chuck was measured prior to the specimen cut out. A 
metal disc having ar araa of 1 cm2 of th 9 semiconductor 40 
wafer 6 shown in Fig. 1, and it was pulled up perpendic- 
ularly with respect to a chucking surface by a wire. Then, 
a load necessary lor detaching the metal disc from the 
electrostatic chuck was measured by a load cell. As a 
result, a high chucking property of greater than 100 g/ 
cm 2 could be obtained when a vor.age of 500 V was ap- 
plied. 

Further, a volume resistivity at 330° C of the alumi- 
num sintered body which constructs Ihe insulation die- 
lectric layer 4 : was measured. As a rasuit. a volume re- so 
sistivity at 300°C was 5.0x10' n-cm. 

Embodiment 1 A 

As is the same as the embod'rmeni 1 , the eiectro- ss 
static chuck was manufactured. However, a pressure 
applied to the formed body was set to 100 kg'crn 2 and 
the other conditions were same as those of the ambod- 



imem i . 

Also in this embodiment, the sintered bodies were 
cut out from vaiious portions cf the substrate member 
which constructs rj'e electrostatic chuck t and the anal- 
ysis for respective sintered bodies was performed. In 
this case, color 3 of the cut out sintered bodies were cif- 
forcnt as shown in Fig. 7. A relative density of the white 
yellow sintered bocy 27F was 99.5%, and a volume re- 
sistivity thereof at room temperature was 3.9X10 10 
0-cm. Moreover, an amount of spn thereof on ESR 
spectrum was i 1 x *0 15 spirvmg, and a g-value thereof 
on ESR spectrum was 1 . 39SC. 

On the other hand, a relative density of the white 
sintered body 290 was 97.3% : and. a volume resistivity 
thereat at room temperature was 2 3x 1 0 14 H-cm. More- 
over, an amount cf spin thereof on ESR spectrum was 
l.3xiC 13 spin/rng, and a g -value thereof on ESR spec- 
trum was 1.9 97B. Further, itwasconf rmed that the olack 
sintered body 2SC was connected to the electrode 26. 

Comparative example 1 

As is the same as the embedimert 1, the electro- 
static chuck was manufactured. In this case, a temper- 
ature during hot press was set to 1800 8 C, a pressure 
was s«r to 150 kg/art 2 , and a kafip tirna at 1fi0O°C was 
set to 3 hcurs. The other conditions wera same as ihose 
of the embodiment i. As a result, ft was confirmed that 
overall substrate member was constructed by the black 
sintered bcdy. Then, the sintered bodies were cut cut 
from various portions of the substrate member, and 
properties thereof were measured. 

A relative density of the sintered body cut out from 
the insulation dielectric layer 4 was greater than 99.0%, 
and a volume resistivity thereof was 6.0x1 0 13 Q-cm. 
Moreover anamcunt of spin thereof was 1.2x10 12 spin/ 
mg, anda g-value thereof was 2.C049. A relative density 
of the sintered body cut out from the supporting portion 
3 was greater than 99.0%, and a volume resistivity 
thereof was 3.CX10 ld U-crn. Further, an amount of spin 
thereof was 2.5xi0 12 spin/mg, and a g-value thereof 
was 2.0062. When a voltage of 500 V was applied to the 
electrostatic chuck, a chucking property was 3 gycm 2 . 

Comparative example 2 

As is the same as the embedimert 1, the electro- 
static chuck was manufactured. In this case, a temper- 
ature during hot press was set lo 1S00°C, a pressure 
was set to 200 kg/crn 2 , and a keep time at 1800°C was 
set to 3 hours. The other conditions wer9 same as those 
of the embodiment 1. As a result, ft was confirmed that 
overall substrate member was constructed by the black 
sintered body. 

A relative density ot the sintered body cut out frcm 
the insulation dielectric sayer 4 was greater than 99.5%, 
and a volume resistivity thereof was 4.0X1 0 13 Q*cm. 
Moreover, an amount of spin thereof was 2. 1 X1 0 1 2 spia' 
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mg. and a g-vaiue Thereof was 2.0047. A relative density 
of the sintered body cut oul from the supporting portion 

5 was greater han 99.0% , and a volume resistivity 
thereof was 4.2x10 u Ci-cm. Further, an amoun: of spin 
thereof was 1.2X10 12 spin/mg, and a g-value thereof » 
was 2.00c I . When a voltage of 500 V was applied to the 
electrostatic chuck, a chucking property waa 2 g/crn 2 . 

Embodiment 2 

10 

As is the same as the embodiment 1 , the electro- 
static chuck was manufactured. In this case, a temper- 
ature during hot press was sat to ISSCTC. a pressure 
was sel to 200 kg/cm 2 , and a keep lime at 135C°C was 
set to 5 hours. The ether conditions were same as those f£ 
ot the embodiment 1. As a result. Ihe substrate member 
haying a distribution of the sintered bodies shown in Fig. 
5a could be obtained. 

A color of the sintered body 27A cut out from the 
insulation dielectric layer 4 was a lightbrovvn. A relative so 
density of the sintered body 27A was greater than 
99.5%. and a volume resistivity thereof was 9.0X10 ] 2 
G-cm. Morsove*, an amount of spin thgrocf was 

6 9X10^2 spjn/mg : and a g-value thereof was 1.3990. A 
color of the sinia-ed body 29 A rut out from the supoort- 25 
ing portion 3 was a hlack-hiown A relative density of 

the sintered body 2SA was greater than 99.0%. and a 
volume resistivity thereof was 2.3X10 13 Q-cm Moreo- 
ver, an amount of spin thereof was 4.2xt0 12 spin/mg, 
and a g-value Ihereol was 2.C051 . When a voltage of so 
500 V was applied to the electrostatic chuck, a chucking 
property waa 90 a/cm 2 

Embodiment 3 

3S 

As is the same as the embodiment 1 , the electro- 
static chuck was manufactured. In this case, a temper- 
ature duiing hot press was set to t900°C : a pressure 
was sat to 200 kg/cm 2 , and a keep time at 1 90C Q C was 
set to 3 hours. The ether conditions were same as those *Q 
of the embodiment 1. Asaresull thesubstrate member 
having a distrtoution of the sintered bodies shown in Fig. 
5a could be obtained. 

A color of the sintered body 27A cul oul from Ihe 
insulation dielectric layer 4 was a hghtbrown. A relative 
density of the sintered body 27A was greater than 
99.5%, and a volume resistivity thereof was 2.0X10 12 
£}-cm. Mcreove*, an amount of spin thereof was 
7.5X10 12 spin/mg : anc a g-valuc thereof was 1.3985. A 
color of the sinte-ad body 28A cut out from the supoort- so 
ing portion 3 was a black-brown. A relative density of 
the sintered body 29A was greater than 99.0%, and a 
volume resistivity thereof was 8.CX10 15 Q-cm. Moreo- 
ver, an amount of spin thereof was 3.3X10 12 spin/mg. 
and a g-value thereof was 2.0042. When a voltage of ss 
500 v was applied to the electrostatic chuck, a chucking 
property was 120 gycm 2 . 



Embodiment £ 

As is the same as the embodiment 1, the alectio- 
$ia\\c chuck was manu'actursd. In this case, a temper- 
ature during hot press was set to 1900°C, a pressure 
was set to 100 kgferr?, and a keep time at 1900° C was 
oct to £■ hours. The other conditions were same as those 
of the embodiment 1 . As a result, the substrate member 
having a distribution of the sintered bodies shown in Fig. 
5b cculd be obtained. 

A color of the sin:erad body 27B cut out from tha 
insulation dielectric layer 4 was a lighttrewn. A relative 
density of the sin:ered body 27B was greater ihan 
99.0%, and a volume resistivity thereof was 3.0X1 C 11 
Ocm. Moreover, an amount ot spin thereof was 
1 . 1 x 1 0 13 spin/mg. and a g-vaiue thereof was 1 .9979. A 
color of the sintered body 2SB cue out from the support- 
ing portion 3 was a black-brown. A reative density of 
the sintered body 23B was greater than 99.0%. and a 
volume resistivity thereof waa 9.0X1G 13 ii-cm. Moreo- 
ver an amount of spin thereof was 3.5X10 12 spin/mg. 
and a g-value thereof was 2.0051. When a voltage of 
SCO V was applied to tha electrostatic chuck, a chucking 
property was 2CC g/ern 2 

Embodiment 5 

As is the same as the embodiment i. the electro- 
static chuck was manufactured. In this case, a temper- 
ature during hot press was sel to 2000° C, a pressure 
was set to 200 kc/crn 2 , and a keep time at 2C00°C was 
set tc 1 hour. The ether conditions were same as Ihosc 
of the embodiment 1 . As a result, the substrate member 
having a distribution of the sintered bodies shown in Fig. 
6a ccufd be obtained. 

A color of the sintered body 27C cut cut from the 
insulation dielectric layer 4 was a lightfcrown. A relative 
density of the sinter ad body 27C was greater than 
99.5%, and a volume resistivity thereof was 3.0X1C 1 ' 
LI -cm. Moreover, an amount ot spin thereof was 
8.2X 1 0 12 spin/mg. and a g-vaiue thereof was 1 .9979. A 
color of the sintered body 29Acut out from the support- 
ing portion 3 was a white. A relative density ot the sin- 
tered body 29A was g-ealer than 93.3%, and a volume 
resistivity thereof was 1.9X10 14 Q-cm. Moreover an 
amocnt of spin thereof was 9.5xi0 12 spia'mg, andag- 
value thereof was 1 . 9990. 'When a voltage of 500 V was 
applied to tha electrostatic chuck, a chucking property 
was 200 a/cm 2 . Such a gene ration cf Ihe white sintered 
body is thought to be due to voids generated due to a 
high sintering iemperature of 2000*C. 

Embodiments 

As is the same as the embodiment 1, the electro- 
static cnuefc was manufactured, In this case, a temper- 
ature during hot press was set to 2000°C, a pressure 
was set to 1 00 kg/cm 2 , and a keep time at 2000*0 was 
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set to 3 hours. The ether conditions were same as those 
of the embodimenl 1. As a result, the substrate member 
having a distribution of the sintered bodies show' , ; in rig. 
Gb could be obtained. 

A ecler of the sintered body 27 C cut out from the 5 
insulation dielectric layer 4 was a lightbrown. A relative 
density of the sintered body 27 D woo greater than 
99.6%, and a volume resistivity tnereot was 1.1x10" 
ii-cm. Mcreove-, an amount of spin thereof was 
1.1Xl0 13 spin/mg ; andag-value ihereof was 1.3961. A TO 
color of the sinta-ed bedy 293 out cut from the support- 
ing portion S was a white. A relative density of the sin- 
tered body 29S was greater than 97.9%, and a volume 
resistivity thereof was 5.6X10 13 12cm. Moreover, an 
amount of spin thereof was 1.1x10 l3 spin/mg, anda g- f£ 
value thereof was 1 .9975. When a vciiaae of 500 V was 
ao plied to the electrostatic chuck, a chucking property 
was 190 g/cnri 2 Since a pressure during hot press was 
small as compared with the embodiment 5, it is thought 
that a region of the white sintered body i3 increased. % Q 

Embodiment 7 

As is the same as the embodiment 1 , the electro- 
static chuck was manufactured. !n this casa, a tamper- 25 
ah:r« fturinrj hot press wa.s set to ?000°C. a prassnrfi 
was sat to 150 kg/cm 2 , and a Keep time at 200G°C was 
set to 5 hours. The ether conditions were same as those 
of the embodiment 1 . As a result, the substrate member 
having a distribution of the siniersd bodies shown in Fig. so 
6c could be obtained. 

A ecler of the sintered body 27 E cut out f r crn the 
insulation dielectric layer 4 was a lightbrown. A relative 
density of the sintered body 27 E was greater than 
99.5%, and a volume resistivity thereof was S. OX 10 s 3$ 
£2-cm. Mcreove', an amount of spin thereof was 
2.1 X10 13 spin/mg : and a g-valua Ihorsof was 1.3961. A 
color of the sintered body 29C cut cut from the support- 
ing portion S was a white. A relative density of the sin- 
tered body 23C was greater than 97.8%, and a volume J o 
resistivity thereof was 2.0X10 14 fl-om. Moreover, an 
amount of spin thereof was 1.2X10 13 spin/mg, and a g- 
value thereel was 1 .9972. When a voltage of 500 V was 
applied to Ihs electrostatic chuck, a chucking properly 
was 250 g/crn 2 *s 

Embodiment 9 

The aluminum nitride sintered body was man u fac- 
ta r ad in the manner mention ad be low. As a raw materia I, 50 
use was made of highly purified aluminum nitride pow- 
ders obtain ed by a reduction nitriding method or a direct 
nitriding method In the aluminum nitride powders, an 
amount of Si. Fe Ca. Mg. K. Ne. Cr. Ma Mi. Cu Zn, W. 
B or Y was smaller than 100 ppm respectively, and no ss 
other metal component other than aiuminum was de- 
tected. 

The formed body having a disc shape was manu- 



factured by forming the aluminum nitrice powders one- 
axiaily under press jrs. Then, the thus obtained formed 
body was sat in ! he die as shown in Fig. 10. In this case, 
no metal member was arranged in the lormed body. As 
is the same as :he embodiment 1, the formed body was 
sealed by the carbon foil. Then : the formed body was 
sintered by the hot pxoo method under the condition of 
sintering temperature of 13Q0°C, pressure of 200 key 
cm 2 and keep time ot 2 hours to obtain an aluminum 
nitride specimen. 

Then, the aiuminim nitride specimen was subject - 
ec to a heat treatment. The heat treatment was per- 
formed in a nitrogen atmospnsre under the condition of 
heat treatment temperature of l900 a C. and keep time 
at 1900°C of 2 hours. As a result, the white-yellow alu- 
minum nitride sintered body was obtained. A volume re- 
sistivity of this sintered body was 5X1 0 1 2 12-cm and a 
g-value thereof on ESR spectrum was 1 .9990. 

Embodiment 9 

The electrostatic chuck having the constructions 
shown in Fig. 4 was manufactured. In this case, use was 
made of aluminum nitride powders obtained by a reduc- 
tion nitriding method, tn the aluminum nitride powders 
mentioned =ihove ( an amount of Si, Fe. Ca, Mg, K, Na : 
Cr. Mn, Ni. Cu, Zn. W. Bor Y was smaller than 1 00 ppm 
respectively, and no other metal component other than 
aiuminum was detected. As the meta! net. use was 
made of a molybdenum wire having a diameter ol 0.15 
mm and a density of the metal net was 15 per 1 inch. 
The metal net mentioned above and the resistance 
heating member 21 mace of molybdenum wire were em- 
bedded in the formed body As shown in Fig. 10, the 
formed body was sintered by the hot press method un- 
der the condition of sintering temperature of 1900°C : 
prassure of 200 kg/cm 2 and keep tims of 4 hours to ob- 
tain the sintered body. 

A surface of the thus obtained sintered body which 
faces to the insulation dielectric layar was machined so 
as to make a thickness of the insulation dieiectric layer 
1 mm. The hole 2 was formed in the sintered body from 
a fear sice by a machining center. The terminal 1 0 was 
connected to the elec.rode 9. Relative densities of the 
supporting portion 3 and the aluminum nitride sintered 
body, which constructs the insulation dieiectric layer 4, 
were greater than 99.0%. The electrostatic chuck thus 
ofctains-d had a diameter of 200 mm and a thickness of 
12 mm. Moreover, s.hc chucking property of the electro- 
static chuck was measured as is the same as the am- 
bediment 1. A power was supplied to the resistance 
heating member, and the chucking properties were 
measured from room Temperature to 3Q0°C by 100 C C 
intervals. As a resjH. the chucking property was in a 
range of 60-100 e/cm 2 at all the temperatures. 

In the substrate member, a distribution of the sin- 
tered bodies was as shown in Fig 5b. A color of th9 sin- 
tered body 27B cut out from the insulation dielectric lay- 
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er was a lightbrown and a re lath/9 dansiiy was greater 
lh=n 39.5%. Morscver, d velum e resislivily 'hereof was 
5 Cxi0 12 fl-cmat roan temperature and 2.0X1 0 3 n-cm 
at 3O0 a C. Further, an amount of spin thereof was 
7.5X10 12 spin/mg : and a g-yalue ihereof was 1.9965. A » 
color of the sinte-ed bed 1 / 283 out out from the support- 
ing portion 3 woo o black brown. Moreover q relative 
density thereof was greater than 39.0%. and a volume 
resistivity at room temperature was 1.1X10 13 U-crn. 
Further, an amount of spin thereof was 2.1X10 12 spin/ 10 
mg, and a g -value thereof was 2.0044. 

Embodiment 10 

A volume resis:rvity at 300*C was rneasuied with t5 
respect to the aluminum nitride sintered bodies which 
construct respectively the insulation dielectric layers ob- 
tained in the embodiments 2-8 mentioned above As a 
result, it was confirmed that a volume resistivity is de- 
creased to 1X1 0 s - lxiO l0 £i-cm 50 

Embodiment 11 

As is the same as the embodiment 1 , the electro- 
static chuck was manufacturer . I r this case, a sintering Z5 
temperatmtt during hot press was set to l,fi00*n, a 
pressure was set to 200 kc/enrc 2 and a keep time at 
1800°C was seT to 2 hours. The other conditions were 
same as those of the embodiment 1. Further, the thus 
obtained electrosla.ic chuck was subjected to a heal 00 
treatment. The h sat treatment was performed in a nitro- 
gen atmosphere under the condition of heat treatment 
temperature of 1900°C and keep time at 1900*C : cr 2 
hours. 

As a result, the substrate member having a distri- 3S 
bution of the sintered bodies shewn in Fig. 6c can be 
obtained. A color of the sintered body 27E cut out from 
the insulation d electric layer 4 was a white-yellow. 
Moreover, a relative density thereof was greater than 
99.5%. and a volume resistivity thereof was 5.3X1 0 !2 w 
fl-cm. Further, an amount of spin ihereof was 9.5X10 12 
spin/mg, and a g-value thereof was 1.9981. When a volt- 
age of 500 V was applied to the electrostatic chuck, a 
chucking property was 130 c/cm 2 . 

In the present invention, as shown in Figs. 5—7, it 4 $ 
is possible to improve a durability to a heat cycle by in- 
cluding the meta member (particularly electrode) in the 
aluminum nitride 3intered body having a relative density 
of greater than 99.5%. 

Moreover, in the metal including member, at least so 
one part of the second portion can be constructed by 
the sintered body having a lower relative density than 
that of the first portion, preferably by the sintered body 
having a relative density of 97.5-99.5%. In this case, it 
is very easy to machine the second portion, and thus a 
manufacturing cost can be reduced. Particularly, as 
shown in Figs. 6a, 6b, 6c, in the case that at least one 
part of the supporting portion in the substrate member 



was constructed by the white or whhe-gray sintered 
body having a relative density of 97.5-99.5%, it is easy 
to machine, in the supporting portion, a hole through 
which a terminal is arranged. 

Embodiment 12 

As is the same as the embodiment 1, the electro- 
static chuck was manufactured. In this case, a temper- 
ature during hot pross was set to 2000°C, a pressure 
was set to 200 kgfcm 2 , and a keep time at 2000*0 was 
set to 4 hours. The other conditions were same as ihose 
of the embodiment 1 . As a resuit, the substrate member 
having a distribution of the sintered bodies shown in Fig. 
6a could be obtained. 

A color of the sintered body 27c was a lightbrown. 
A relative density cf the sintered body 27c was greater 
than 99.5%. and a vo t ume resistivity thereof was 
5.0X1 0 11 ft-cm. Moreover, an amount of spin was 
9.0x1 0 12 spin/mg and a g-va!uc thereof was 1.9S70. 

Then, a surface of the sintered body was ground 
like a mirror by using a diamond paste, and a spectrum 
was measured byaca:hcde luminescence method. The 
result is shewn in Fig. ii . !n Fig. 11 , a vesical axis snows 
an emission luminescence intensity, and a horizontal 
axis shows a wavfllfingth of iuminfiscanne It is untie r- 
stooc that a strong peak exists in a wavelength range 
of 350-370 nm and a weak peak exists in a wavelength 
range of 650-750 nm. 

Fig. 1 2 is an SEM microphotograpn showing a ce- 
ramic structure of the sintered body mentioned above. 

Comparative example 3 

In this case, use was made of aluminum nitride pow- 
ders obtained by a reduction nitridinc method. In the alu- 
minum nitride powders mentioned above, an amount of 
Si Fe : Ca Mg : K, Na s Cr, Mn, Ni, Cu : Zn, W, B or Y was 
smaller than 100 ppm respectively, and no other meial 
component other thar aluminum was detected, "hen, 
95 wt% cf aluminum nitride powders was mixed with 5 
wt% of yttria to obtain mixed powders. The preliminary 
formed body having a disc shape was manufactured by 
lorming the mixed powders one-axially underpressure. 
The thus obtained preliminary formed body was set in 
the die and was sintered at 1 950°C for 4 hours to obtain 
the sintered body. 

A color of thes ntered body was a lightbrown. A rel- 
ative density thereof was grcalcr than 99.5%, and a vol- 
ume resistivity was S.7X10 12 fl-cm. Moreover, an 
amount of spin was G.SxiO 11 spirVmg, and a g-yalue 
thereof was 2.007. 

Then, a surface of the sintered body was ground 
like a mirror by using a diamond paste, and a spectrum 
was measured by aca:hode luminescence method. The 
result is shown in Fig. 1 3. In Fig. 1 3. a weak peak exists 
at a wavelength ot about 340 nm, 500 nm cr 600 in. 

Fig. 14 is an SEM microphotograpn showing a ce- 
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ramie structure cf the slniered body mentioned above. 

Moreover, a distribution ol oxygen concentration 
and a distribution of yttrium atom wera measured by an 
X-ray mic reanalyze r (EPMA) wth respect to the sintered 
bodies obtained in the embodiment 12 and the compar- 
ative example 3, As a re3uH, in the 3ritered body of the 
comparative cxamp c 3 to which 5 wt% of ytirb is added, 
an oxygen concentration was decreased relatively. 
Moreover, a portion of the sintered body, at wh ich a large 
number of oxygen atoms exist was substantially equal 
to a portion at which yttria exists. This portion was sub- 
stantially identical with the grain boundary shown in a 
microphGtograpr in Fig. 14. 

As mentioned above, according Lo the invention, in 
the metal including member in wh ch the metal member 
is embedded in the subs Irate member made of alumi- 
num nitride, it i3 possible to ob:ain ths aluminum nitride 
sintered body and the electrostatic chuck which can 
control a volume resistivity of the metal including mem- 
ber wtthout adding a low resistance material in alumi- 
num nitride. 



Claims 

1. An a lum imjmn it ririft sintered boriynnmp rising char- 
acteristics such that an amount cf total metal ele- 
ments other than aluminum is smaller than 100 
opm, and a volume resistivity at room temperature 
is greater than t.OxIC 9 £2-cm and is smaller than 
i.0xtG 13 S>cm. 

Z The aluminum nitride sintered body accordirg to 
claim 1 , wherein a g-value of unpaired electrons is 
smaller than 2.0000 cn a spectrum of aluminum ni- 
tride measured by an electron spin resonance 
method 

3. The aluminum nitride sintered body accordirg to 
claim 1, wherein an amount of spin per unit mg of 
aluminum obtained from a spectrum on an electron 
spin resonance method is greater than 5x1 C 12 spin. 

4. The aluminum nitride sintered body according lo 
claim 1 , wherein a main peak of a spectrum meas- 
ured by a cathode luminescence method exists in 
a wavelength region from 050 nm to 070 nm. 



body set forth in cneo? claims 1-5. 

7. The metal including membei according to claim 6, 
wherein a part of said substrate member which in- 

» eludes said metal member has a relative density of 
greater than 99.5 %. 

8. The metal including member according to claim 7, 
wherein said metal member is included in said alu- 

W minum nitride sintered body set forth in one of 
claims 1 -5. 

3. The metal including member according to claim 5. 
wherein a first portion of said substrate member 
f£ which exists at on a side of said metal member is 
formed by said aluminum nitride sintered body set 
forth in one of claims 1-5. 

10. The metal including member according to claim 9, 
wherein an aluminum nitride sintered body having 
a relative density of greater than 97.5% and smaller 
than 99.5% exsts in a second portion of said sub- 
strate member which sxisis at the ether side of said 
metal member. 

25 

11. An fllactiastatifi nht-rrk comprising ths metal includ- 
ing member set forth in one of claims 5-10 wherein 
a portion of said suostrata member which exists at 
a dielectric layer sice thereof is made of said alumi- 

•30 num nitride sintered body sei forth in one of clains 
1 -5, said metal member is an electrode, and a work 
is chucked on said electrode through said dielectric 
layer. 

35 12. An aluminum nitride sintered body comprising char- 
acteristics such that an amcuni of total metal ele- 
ments other than aluminum is smaller than 100 
ppm, and a g-vaiue cf unpairad electrons is smaller 
than 2.0000 on a spectrum of aluminum nitride 

40 measured sy an electron spin resonance method. 

1 2. An aluminum nitride sintered body comprising char- 
acteristics such that an amcunl of total metal ele- 
ments other than aluminum is smaller than 100 

4 $ ppm, and an amount of spin per unit mg of aluminum 
obtained from a soectrum on an electron spin res- 
onance method is greater than 5x1 0 1 2 spin. 



The aluminum nitride sintered body accordirg to 
claim 1 , wherein a relative dansity is greater than SC 
99.5%. 

A metai including member comprising a construc- 
tion such that a metal member is ambedced in a 
substrate member made ot an aluminum nitride sin- 55 
tered body, said metal member ano said substrate 
member are integrally sintered, and a part of said 
substrate member is made of the aluminum sintered 



14. An aluminum nitride sintered body comprising char- 
acteristics such that an amcuni of total metal ele- 
ments other than aluminum is smaller than 100 
ppm, and a main peak of a spectrum measured by 
a cathode luminescence method exists in a wave- 
length region from 3S0 nm to 370 nm. 

1 6. A method of producing an aluminum nitride sintered 
body comprising the steps of, preparing an alumi- 
num nitride raw materia! having an amount ol total 
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metal elements other than aluminum of srr.a!lerthan 
i00 ppm, sintering the Ihus prepared aium hum ni- 
tride raw matei'al under a temperature of 1700"C- 
2000° C and a pressure greater than 1 00 kg/cm 2 to 
obtain an aluminum nitride sintered body, and sub- » 
jecling the thus obtained aluminum nitride sintered 
body tc a heat treatment under a temperature of 
greater than 1850 C C. 

15. A method o*" producing the aluminum nitride sin- TO 
tered body set forth in claim 1 comprising the steps 
ot. preparing an aluminum nitride raw material hav- 
ing an amount or total metal elements ether than 
aluminum of smaller than 100 ppm. forming ihe thus 
prepared aluminum nitride raw material to obtain a is 
formed body, embedding a metal member ir ihe 
thus obtained formed body to obtain a metai includ- 
ing formed tody, sintering the thus obtained metal 
including farmed body under a temperature of 
1 S5C°C-2200°C and a pressure of SO kg/cm 2 to ob- 20 
tain a metai including member, in which said metal 
member is embadded in a substrate member made 
of said aiumintm nitride sintered body, said sub- 
strate member is substantially divided into a Irst 
port ion and a seconc port ion by said metal member, 25 
arid said first portion has a thinknass cf smaller than 
iGrnm, thereby obtaining said aluminum nitride sin- 
tered bedy as first portion cf said substrata member. 

17. A method of producing a metal including member 30 
in which a metal member is embedded in a sub- 
strate member made of aluminum nitride, said sub- 
strate member is substantially divided into a first 
portion and a second portion by said metal member 
and a ratio of thickness between said first ponicn 55 
and a second portion is t \2 or more, comprising the 
steps ol preparing an aluminum nit rids raw material 
having an amount of total metal elements other than 
aluminum of smaller than 100 ppm. forming the thus 
prepared aluminum nitride raw material to obtain a *c 
formed body, embedding a metai member ir the 
thus obtained formed body to obtain a metai includ- ' 
ing formed tody, sintering the thus obtained metal 
including femed body under a temperature of 
1 850°C-2200°C and a pressure of 50 kg/cm 2 . j s 
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